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Relationship between sleep quality, depression symptoms, and blood glucose in pregnant 
women 
Abstract 
Sleep quality during pregnancy affects maternal/child health.  We aimed to assess changes in 
sleep quality during pregnancy and determine its relationship to maternal mood, blood glucose, 
and work schedule among primiparous women. We conducted a 
prospective/longitudinal/observational study. Ninety-two pregnant women were recruited from 
Midwestern hospital. Mood and sleep quality data were collected using Edinburgh Postnatal 
Depression Scale/Pittsburgh Sleep Quality Index at gestational weeks 22 and 32. Forty-three 
women completed the study. Twenty-six women (63%) were African-American and the mean 
age was 23.64 (SD=3.82) years.  Rate of poor sleep quality increased during pregnancy with 
25% of women had scores indicative of depression symptoms.  Poor sleep quality score was 
related to mood scores (P <0.05) and work schedule. Blood glucose was not significantly related 
to sleep duration. In conclusion, poor sleep quality during pregnancy was associated with poor 
mood and work schedule, suggesting that interventions targeting mental health and lifestyles are 
needed. 
Key Words: Sleep quality, pregnancy, mood/depression, gestational diabetes, work schedule 
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Maternal and infant health in the short and the long-term are impacted by maternal 
factors in the perinatal period.  Maternal factors that impact morbidity and mortality include the 
women’s mental and physical health and modifiable factors such as smoking, substance abuse, 
adolescent pregnancy, obesity, and nutrition (Waters, Hay, Simmonds, & Goozen, 2014; 
Gaillard, 2015; Raio, Bolla, & Baumann, 2015). In addition, there is growing evidence that sleep 
quality during pregnancy affects the mother’s health, which in turn affects the infant’s health.  
It is recommended that adults sleep 7-8 hours per day (Watson et al., 2015; NIH, 2011), 
however nearly 30% of adults sleep on average of six hours or less a day (Schoenborn, 
2013).   Adequate sleep rates vary in US populations by race and socio-economic level.  Among 
women, 36% of Blacks or African Americans get ≤6 hours of sleep each day versus 27% of 
Whites.  Further, 33% of women below poverty versus 25% with household incomes 4-times the 
poverty level reported ≤6 hours of sleep (Schoenborn, 2013).  Compared to multiparas, 
nulliparas generally had less efficient sleep, spent more time in bed and had greater wake after 
sleep onset in the second trimester (Signal et al., 2007). 
Short sleep duration during pregnancy is associated with hormonal and metabolic 
alterations, and in the long-term is associated with development of metabolic disease (Fu et al., 
2015). Pregnant women who slept less than eight hours a night were found to be at an increased 
risk for delivering small for gestational age infants (Rawal, Hinkle, Zhu, Albert, &, Zhang, 
2017).  African American women with poor sleep quality (PSQI > 5) had 10.2 times the odds of 
preterm birth compared to those with good sleep quality (Blair, Porter, Leblebicioglu & 
Christian, 2015). In addition, short sleep duration and a later sleep midpoint were associated with 
an increased risk of gestational diabetes (odds ratio, 2.24; 95% confidence interval, 1.11-4.53; 
and odds ratio, 2.58; 95% confidence interval, 1.24-5.36, respectively) (Facco, et al., 2017; Izci 
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Balserak, Jackson, Ratcliffe, Pack, & Pien, 2013, Wang, et al., 2017). Rate of gestational 
diabetes mellitus was found to be higher among women sleeping less than four hours compared 
with those sleeping nine hours per night (Cai, et al., 2017; Wang, et al. 2017). Shorter sleep 
duration in the third trimester was also found to be associated with higher blood pressure, while 
risk for pre-eclampsia was 9.5-fold higher in very short sleepers (<5 h) versus women with 
adequate sleep (Williams et al., 2010; Sharma, et al., 2016).  
Depression affects approximately 10–25% of women during pregnancy (Faisal-Curry & 
Menzes 2007). Self-reported poor sleep during pregnancy has been associated also with mood 
disturbance and with increased risk for future mood problem.  Canadian women who had poor 
sleep quality during first trimester and experienced significant increases in sleep problems 
throughout pregnancy were also the group who reported the highest levels of anxiety and 
depressive symptoms throughout pregnancy (Tomfohr, Buliga, Letourneau,  Campbell,  
Giesbrecht,  2015). Depressive symptoms were also strongly associated with insomnia during 
late pregnancy, especially with sleep durations <5 or >10 hours (Dørheim, Bjorvatn, Eberhard-
Gran, 2012). In addition, Okun, Mancuso, Hobel, Schetter, Coussons-Read (2018) studied the 
relationship between sleep quality and symptoms of depression and anxiety in women during 
pregnancy and postpartum. They found out that poor sleep quality was significantly associated 
with greater symptoms of depression and anxiety. Women who had significantly higher EPDS 
(Edinburg Postpartum Depression Scale) scores (β = .585, p < .001) also had elevated total 
Pittsburg Sleep Quality Index (PSQI) scores after adjustment for covariates.  
Life style behaviors during pregnancy such as work schedule, Internet and electronic 
devices use also affect sleep quality. Women who worked nights or rotating shifts during 
pregnancy were found to be at increased risk of miscarriage, pre-term birth, and low birth weight 
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infants (Stocker, Macklon, Cheong, & Bewley, 2014; van Melick, van Beukering, Mol, Frings-
Dresen & Hulshof, 2014).  Working consecutive night shifts and quick returns after night shifts 
during first/mid trimester was also associated with an increased risk of hypertensive disorders of 
pregnancy, particularly among obese women (Hammer et al., 2018). In addition, a systematic 
review with meta-analysis by Bonzini et al., (2011) studied the associations of shift work with 
preterm delivery (PTD), low birthweight (LBW), small-for-gestational-age (SGA) infants and 
pre-eclampsia. They observed increased relative risk for PTD, LBW and SGA. Hammer et al., 
(2018) also found that among night workers, the risk of Hypertensive Disorders of Pregnancy 
(HDP) grew with increasing number of consecutive night shifts [odds ratio (OR) 1.41, 95% 
confidence interval (CI) 1.01-1.98) and of quick returns after night shifts (OR 1.28, 95% CI 0.87-
1.95). Among obese women, those who worked long night shifts had a 4-5 fold increased risk of 
HDP compared to day workers.  
Although previous studies contributed to the understanding of the multifactorial nature 
of pregnancy-related sleep disturbance, pregnant women still suffering from poor sleep quality 
during pregnancy and its consequences on mother and infants. In addition, few studies 
considered work schedule and screen time use and its effect on sleep quality during pregnancy.  
The purpose of this study was to assess changes in self-reported sleep quality during pregnancy 
and its relationship to mood, blood glucose, development of gestational related disease (diabetes, 
hypertension preeclampsia) and life style behaviors in a sample of primiparous women.  We 
hypothesized that sleep quality will decrease throughout pregnancy and poor sleep quality will 
be associated with increased depressive symptoms, gestational diseases, and blood glucose. In 
addition, work schedule and screen time use will be related to sleep quality during pregnancy.  
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Methods 
Study Design, Sample, and Setting  
Following institutional review board approval, a longitudinal observational prospective 
cohort study was conducted. Nighty-two primiparous women were recruited from a Midwestern 
affiliated prenatal clinic. Inclusion criteria were primiparity, 18-40 years of age expecting a 
singleton infant. Ninety-two women were recruited for the study with the assumption of a ~60% 
retention rate for a target of 50 women.  Rationale for sample size was based on a prior power 
calculation. Specifically, a power of 89%, with alpha error rate set at 5%, was found for a sample 
size of 50.  This study was a part of a longer longitudinal study that followed up participants 
after giving birth and collected saliva in addition to Actiwatch monitoring during pregnancy and 
after giving birth. 
Tools, Data Collection, and Study Timeline 
Based on  literature review, the research team developed an intake survey to gather data 
on subject’s, daily life behavior variables such as internet use, work schedules, and use of 
electronic devices and demographics such as age, education, ethnicity, race, occupation and 
income. Content validity of the survey was tested by a panel of five experts in the field of 
Obstetrics and Pediatrics and five pregnant women tested face validity. The survey was modified 
based on the comments. Pittsburg Sleep Quality Index [PSQI; Cronbach's α = 0.83 (Buysse, 
Reynolds, Monk, Berman, & Kupfer,1989; Carpenter & Andrykowski, 1998)] and Edinburgh 
Postnatal Depression Scale [EPDS; Cronbach's α = 0.87 (Cox, Holden, & Sagovsky, 1987)], 
were used to measure sleep quality and symptoms of perinatal depression, respectively. The 
PSQI consists of 19 self-rated questions, amounting in seven component scores: sleep quality, 
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sleep latency, sleep duration, sleep efficiency, sleep disturbance, use of medication to sleep, and 
daytime dysfunction. The sum of these scores results in total sleep quality score (ranging 0-21). 
A PSQI score of < 5 is associated with good sleep quality, and a score of > 5 is associated with 
poor sleep quality.  The EPDS scale used to screen for depression symptoms, and consists of ten 
questions each with a score rank from zero to three.  A score ≥10 on EPDS indicates risk of 
depressive mood. Mothers who had score more than 10 or reported suicidal ideation were 
reported immediately to their obstetricians.  
At the time of enrollment, consent was obtained from women to collect protected health 
information (PHI) from their medical records.  Data collected included pre-pregnancy body mass 
index (BMI), blood glucose levels after 75 g glucose challenge test, illicit drug screen results and 
health history during pregnancy. The glucose challenge test was performed between 24-28 weeks 
according to the American Congress of Obstetrics and Gynecologists (ACOG). The diagnosis of 
Gestational Diabetes Mellitus (GDM) is made when any of the following plasma glucose values 
are met or exceeded: Fasting:  At or above 92 mg/dL, 1 hour:  At or above 180 mg/dL, 2 
Hour:  At or above 153 mg/dL (ACOG, 2018).  
Women were enrolled at ≤ 22 weeks gestation.  At time of enrollment women completed 
the intake survey. During gestation week 22 (G22), G32 women completed the PSQI and EPDS 
surveys online (Qualtrics™) or by phone. 
Data and Statistical analysis 
All data collected were entered and stored on a secured server (RedCap).  Statistical 
analysis was conducted using SPSS; P-value ≤0.05 was considered significant.  Shapiro-Wilk 
test used to test the normality of the data. Descriptive statistical analysis of demographic and life 
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style factors was performed. Wilcoxon signed-rank test was used to compare PSQI scores and 
EPDS scores in two different times (G22, G32). Using Mann-Whitney test, the relationship of 
sleep quality to EPDS score, blood glucose level, pre-pregnancy BMI and gestational related 
disease was analyzed, and Kruskal–Wallis one-way analysis of variance was used to explore the 
relationship between working statuses and sleep quality at G22.  
Results 
Demographics of Study Population 
Of the 92 women enrolled, 43 women completed all aspects of the study throughout the 
three time points.  Twenty-five percent (n =11) of the enrolled population was withdrawn from 
the study by members of the research staff due to failure to comply with study protocol. Changes 
in health status or other life events prevented 23% (n =10) of women from completing the study. 
The remaining women who did not complete the study as they changed their minds about 
participating. Analysis of recruited, retained and withdrawn populations found no difference in 
demographic variables among these groups (Table 1).   
Women who completed all elements of the study ranged in age from 18-33 years old, 
with median age 23.63 (SD=3.84) years old (Table 1).  Women were primarily urban dwellers 
(98%).  Racial distribution of the population that completed study was 64% (n =27) Black or 
African American, 18% (n =7) White, and 13% (n = 4) more than one race (Table 1).  At the 
time of enrollment, the vast majority of the participants (93%) indicated they had daily internet 
access and thus 86% completed study surveys using the online (QualtricsTM) option.  
During enrollment, women were surveyed for lifestyle factors that may affect sleep 
quality including work schedules and use of electronic devices.  The majority (58%, n = 25) of 
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employed women worked day shifts (anytime between 6AM and 6PM); the remaining worked 
rotating, evening or night shifts.  The majority of women (61%, n = 26) turned off their 
electronic devices ≤ 15 minutes before going to bed, while 39% (n = 17) turned off devices more 
than 15 min before going to bed. Analysis of recruited, retained and withdrawn populations 
found no difference in demographic variables among these groups.  
Other information on lifestyle factors obtained through intake survey or abstracted from 
medical charts included prenatal vitamin use, smoking history, illicit drug screen results, as well 
as rate of attendance of prenatal appointments. At the time of enrollment 91% of the women 
indicated that they were taking prenatal vitamins and 13% of the women responded that they had 
ever smoked cigarettes, with only one subject indicating she was a current smoker.  Rate of illicit 
drug use, as determined from urine sample taken during first prenatal visit, was 11%.  All 
women, who had tested positive, tested positive for cannabinoids, and only cannabinoids. Rate of 
keeping prenatal appointments made was 87% across the population, with the median number of 
prenatal appointments being fourteen.  The median and range of number of appointments 
attended were 14 and 9-35 visits, with 93% of women attending >10 prenatal appointments 
during the course of their pregnancy.  
Sleep Quality and Maternal Mood  
During G22 approximately 35% (n = 15) of women had PSQI scores indicative of poor 
sleep quality (score > 5).  The percent of women reporting poor sleep quality increased to 57% (n 
=25) between G22 and G32 (Figure 1). Analysis of PSQI sub-component scores found that 
between G22 and G32 there was no significant difference in the distribution of total sleep time 
(7.58 hr and - 7.43 hr, respectively, P = 0.209).  The percent of women reporting adequate sleep 
efficiency (percentage of time in bed asleep) decreased from 60% to 40% between G22 and G32 
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and there was a shift in rating of efficiency from somewhat poor (score 1), poor (score 2) to very 
poor (score 3), with 12.5 % of women scoring very poorly (score 3) at G32, (Figure 2).  Based 
on Spearman’s rho correlation test, the correlation of the across time points was calculated. 
There was a significant correlation for PSQI scores across time-points G22 and G32 (𝜌𝜌 = 0.599, 
P < 0.001).  
During G22, EPDS scores ranged from 0-16, and median EPDS score for the population 
was six.  Approximately 25% (n = 11) of women in our population had EPDS scores indicative 
of symptoms of potential depression (≥10).  Although median EPDS score increased from 6 to 
6.5 between G22 and G32, rate of women with potential depressive did not have a significant 
change (P = 0.226).  There was no significant difference in the distribution of EPDS scores 
among the two time points (P = 0.852).  Spearman correlation analysis of EPDS scores showed 
significant relationships between G22 and G32 (𝜌𝜌 = 0.842, P < 0.001). 
The relationship between mood and sleep quality was also analyzed for each study time 
point (Figure 3).  PSQI scores were correlated with EPDS during G22 (𝜌𝜌 = 0.538, P < 0.001) and 
G32 (𝜌𝜌= 0.543, P < 0.001), maternal mood scores among women who rated sleep as poor 
quality (PSQI score >5) versus women with good sleep quality ratings (PSQI score ≤5) were 
compared and found to be significantly different at G22(R = 0.272, P = 0.009) and G32(R = 
0.393, P < 0.001). (Figure 3). 
Sleep Quality, Body Mass Index and Blood Glucose 
We analyzed whether there is a relationship between sleep quality scores and blood 
glucose, pre-pregnancy BMI or whether women had any diagnosis of diabetes, hypertension 
and/or pre-eclampsia during study.  In our sample approximately 48% (n = 21) of the women had 
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healthy pre-pregnancy BMI (>18.5, <25), 4% (n = 2) were underweight (BMI <18.5), 20% (n = 
9) were overweight (BMI >25, <30) and 28% (n = 12) were obese (BMI >30), based on National 
Institute of Health (NIH) classifications (NIH, 2000).  The rate of diagnosis of gestational 
diabetes, pre-eclampsia and hypertension were 11%, 13%, and 27%, respectively, and 33% all 
three combined.  Since the sample size was too small to study potential relationship of each 
disease with variable of interest, analysis was conducted to examine development of any 
gestational related disease (gestational diabetes, pre-eclampsia and/or hypertension).    
There was no significant difference in blood glucose level between women categorized as 
having poor sleep quality (PSQI > 5) versus good quality (PSQI ≤ 5) at any time point.  Blood 
glucose levels were compared between groups of women that reported getting >7 hours versus ≤ 
7 hours of sleep each night; blood glucose levels were not significantly different between women 
sleeping ≤ 7 hours versus > 7 hours at G 22 (R = 0.048, P = 0.652) and G32 (R = 0.142, P = 
0.174). Using Spearman’s correlation test, no significant relationship was also found between 
BMI and PSQI score at G22 (𝜌𝜌 = -0.125, P = 0.455) and G32 (𝜌𝜌 = 0.056, P = 0.729).   
Relationship between development of gestational related disease and PSQI or maternal 
mood score were analyzed for each time point.  Mann-Whitney test found not significant 
difference.   There was no significant relationship in development of gestational related disease 
and pre-pregnancy BMI (mean BMI for no disease versus disease, respectively, was 25.6 ± 6.07 
and 29 ± 10.0).  Spearman correlation analysis found no significant relationship among pre-
pregnancy BMI and EPDS score at any time point (P = 0.335 for G22 and P = 0.356 for G32).   
Sleep Quality and Lifestyle Behaviors  
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Several confounding factors could be related to sleep quality and mood. The relationship 
of sleep quality or maternal mood to life style factors was also analyzed.  There was a significant 
difference between sleep quality scores among women with different work schedules. At G22, 
women who worked daytime shifts had significantly (P = 0.036) better sleep quality scores than 
those who worked evening-night or rotating shifts. Interestingly, women who were out-of-work 
had the widest variability in sleep quality scores, and due to this variability mean PSQI score was 
not different from either day-time or shift/night workers (Figure 4).  We also found women with 
screen time >15mins have significantly lower (-0.554) PSQI score than women with screen time 
<15mins (P = 0.011).  However, no significant difference (P=0.1) in PSQI score between women 
who turned off electronic devices >15 minutes versus ≤15 min before bed (Figure 5). 
Discussion 
The purpose of this study was to assess the changes in self-reported sleep quality during 
pregnancy and its relationship to mood, blood glucose, development of gestational related 
disease and life style behaviors in a sample of primiparous women.   We found that the 
proportion of women having scores indicative of poor sleep quality increased from early to late 
pregnancy. The changes in self-reported sleep quality between G22 and G32 were characterized 
primarily by a decrease in sleep efficiency.  These results is consistent with previous studies and 
a recent meta-analysis (Naud, Ouellet, Brown, Pasquier, & Moutquin, 2010; Sivertsen, Hysing, 
Dørheim, & Eberhard-Gran, 2015; Sedov, Cameron, Madigan, & Tomfohr-Madsen, 2018). Yang 
et al. (2018) also found that eighty-seven percent of pregnant women experienced sleep disorder 
(PSQI score >5). Poorer global sleep quality, subjective sleep quality, lower sleep efficiency and 
sleep disturbances were most prevalent during third trimester. Since over 60% of our sample 
were African American women who were at high-risk population. Our results were also 
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consistent with Amyx, Xiong, Xie, and Buekenes (2017) who reported shorter sleep duration 
among minority women compared to white. Despite reporting less adequate sleep, minority 
women are less likely to report trouble sleeping, which provides evidence of an important health 
disparity that may need to be considered when overseeing the care of this high-risk women. 
Changes in sleep efficiency during pregnancy compared to non-pregnancy were found to be 
related to sleep disturbances due to urinary frequency, back or hip ache, and heartburn (Reichner, 
2015).   
The rate of 25% of women in our study having scores indicative of depression symptoms 
during pregnancy is higher than the overall rate reported in a 2012 Cochrane systematic review, 
which found depression during pregnancy has a prevalence of 18.4% across the nine months 
(Dennis, 2013). Women are vulnerable to mood disturbances during the perinatal period (Bei, 
Coo, Trinder, 2015). Causes of perinatal depression are not fully understood, but are thought to 
be due in part to interactions among physiological changes (e.g. dramatic hormonal changes) and 
psychosocial factors (e.g. antenatal anxiety and depressive symptoms, the presence of psychiatric 
history, marital conflict, lack of social support, and stressful life events) (Bei, et al., 2015). 
Moreover, reduced quantity of sleep is associated with difficulties in coping with stressful life 
events (Baglionia, Spiegelhalder, Lombardob, & Riemanna, 2010).  Poor sleep quality is 
considered comorbid to depression, with multiple prospective longitudinal studies reporting poor 
sleep as risk factors for major depression (Baglionia, et al., 2010).  Thus, the association between 
PSQI and EPDS scores found at G22 and G32 was similar to previous report (Skouteris, 
Wertheim, Germano, Paxton, & Milgrom, 2009; Yu et al., 2017).  
Although in our study there was no significant association of poor sleep quality with 
higher blood glucose and development of gestation related diseases was found. Larger cohort 
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studies have found much stronger relationships among poor sleep quality during pregnancy and 
high blood glucose levels as well as development of gestational diseases to include hypertension, 
preeclampsia and diabetes (Izci Balserak et al., 2013; Qiu et al., 2010; Williams et al., 2010). 
Herring et al. (2014) also found that shorter nighttime sleep was associated with hyperglycemia, 
even after controlling for age and body mass index among pregnant women.  
At G22, sleep quality was significantly associated with work schedule and status. Women 
who worked daytime shifts had better sleep quality scores than those who worked night or 
rotating shifts.  According to (Voinescu, 2018), workers in rotating shifts, reported increased 
sleepiness, poorer sleep quality, and shorter sleep duration. In our study, women who were out-
of-work in our study had the widest variability in sleep quality scores.  ‘Social jetlag’ likely 
accounts for poorer sleep quality among night-rotating shift workers, and is the discrepancy that 
arises between circadian and social clocks that results in chronic sleep loss (Roenneberg, 
Allebrandt, Merrow, & Vetter, 2012).  In particular, social jetlag occurs in individuals when they 
travel back and forth between time zones on workdays (socially imposed schedules) and free 
(non-work) days, and is associated with development of metabolic risk factors that predispose to 
diabetes and cardiovascular disease (Wong, Hasler, Kamarck, Muldoon, & Manuck, 2015).  The 
variation in sleep quality among women who were out of work may be due psychosocial factors 
(e.g. antenatal anxiety and depressive symptoms, marital conflict, lack of social support, and 
stressful life events) or behaviors that interfere with good sleep.  Although we didn’t find 
significant difference in PSQI score between women who turned off electronic devices >15 
minutes versus ≤15 min before bed,  a systematic review of screen-time use and sleep quality in 
school aged children found a screen time is adversely associated with sleep outcomes (primarily 
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shortened duration and delayed timing) in 90% of studies (Hale & Guan, 2015). We could not 
find data related to screen use during pregnancy. 
Our results confirm and highlight the need for interventions that enhance and restore 
sleep quality and efficiency during pregnancy with special focus on mental health and life style 
modifications that could improve maternal/child outcomes. This study need to be replicated in 
larger sample size using objective data collection methods in addition to the subjective measure. 
More studies are also need that address understating the biobehavioral  factors related to sleep 
quality and disturbance such as using cortisol and inflammation biomarker to assess the effect of 
sleep and stress on pregnancy out comes.  
There are several limitations to the study.  Although the aim was to have 50 participants 
complete study, the withdraw rate (55%) was higher than expected (45%) and likely due to the 
nature of the longitudinal study. Another limitation was the women self-reported their sleep 
quality/efficiency and symptoms of depression; however the tools were validated and found 
reliable indicators of sleep and mood in multiple previous studies.   
Sleep quality during pregnancy was found to be associated with maternal mood in the 
prenatal period. No significant association of poor sleep quality with higher blood glucose and 
development of gestation related disease was found. Life style behaviors such as work schedule, 
was found to be related to sleep quality and maternal mood. These results highlight the 
importance of interventions that address sleep enhancement and restoration. 
  
Sleep Quality and Mood During Pregnancy 17 
 
References 
American Congress of Obstetrics and Gynecologists, Committee on Practice Bulletins, (2018). 
Gestational Diabetes Mellitus. ACOG Practice Bulletin No. 190. Obstetrics and 
Gynecology. 131(2):e49-e64. doi: 10.1097/AOG.0000000000002501   
Amyx, M., Xiong, X., Xie, Y., & Buekens, P. (2017). Racial/Ethnic Differences in Sleep 
Disorders and Reporting of Trouble Sleeping Among Women of Childbearing Age in the 
United States.  Maternal Child Health Journal, 21, 306–314.  DOI 10.1007/s10995-016-
2115-9. 
Baglionia, C, Spiegelhalder, K., Lombardob, C, Riemanna, D. (2010). Sleep and emotions: A 
focus on insomnia. Sleep Medicine Reviews, 14(4), 227-238. doi: 
10.1016/j.smrv.2009.10.007. 
Bei B, Coo, S., Trinder J. (2015). Sleep and Mood during Pregnancy and the Postpartum Period. 
Sleep Medicine Clinics, 10(1), 25-33.  doi: 10.1016/j.jsmc.2014.11.011.  
Blair, L. M., Porter, K., Leblebicioglu, B., & Christian, L. M.  (2015). Poor Sleep Quality and 
Associated Inflammation Predict Preterm Birth: Heightened Risk among African 
Americans. Sleep, 38(8):1259-67. doi: 10.5665/sleep.4904. 
Bonzini, M., Palmer, K., Coggon, D., Carugno, M., Cromi, A., Ferrario, M., & ... Ferrario, M. M. 
(2011). Shift work and pregnancy outcomes: a systematic review with meta-analysis of 
currently available epidemiological studies. BJOG: An International Journal of Obstetrics 
& Gynaecology, 118(12), 1429-1437. doi:10.1111/j.1471-0528.2011.03066.x. 
Sleep Quality and Mood During Pregnancy 18 
 
Buysse, D. J., Reynolds,C.F., Monk,T.H., Berman,S.R., Kupfer,D.J. (1989). The Pittsburgh 
Sleep Quality Index (PSQI): A new instrument for psychiatric research and practice. 
Psychiatry Research, 28(2), 193-213.  
Cai, S., Tan, S., Gluckman, P. D., Godfrey, K. M., Seang-Mei Saw, Teoh, O. H., . . . Gooley, J. 
J. (2017). Sleep quality and nocturnal sleep duration in pregnancy and risk of gestational 
diabetes mellitus. Sleep, 40(2), 1-8. 
http://dx.doi.org.ezproxy.lib.purdue.edu/10.1093/sleep/zsw058  
Carpenter, J. S., & Andrykowski, M. A. (1998). Psychometric evaluation of the pittsburgh sleep 
quality index. Journal of Psychosomatic Research, 45(1), 5-13. 
doi:http://dx.doi.org/10.1016/S0022-3999(97)00298-5 
Cox, J. L., Holden, J. M., & Sagovsky, R. (1987). Detection of postnatal depression. 
Development of the 10-item Edinburgh Postnatal Depression Scale. Br J Psychiatry, 150, 
782-786.  
Dennis, C., & Dowswell, T. (2013). Psychosocial and psychological interventions for preventing 
postpartum depression. Cochrane Database of Systematic Reviews, DOI: 
10.1002/14651858.CD001134.pub3.  
Dørheim, S. K., Bjorvatn,B., & Eberhard-Gran, M. (2012). Insomnia and depressive symptoms 
in late pregnancy: a population-based study. Behavioral Sleep Medicine, 10(3):152-66. doi: 
10.1080/15402002.2012.660588. 
Facco, F. L., Grobman, W. A., Reid, K. J., Parker, C. B., Hunter, S. M., Silver, R. M.,...... Zee, P. 
C. (2017). Objectively measured short sleep duration and later sleep midpoint in pregnancy 
Sleep Quality and Mood During Pregnancy 19 
 
are associated with a higher risk of gestational diabetes. American Journal of Obstetrics & 
Gynecology, (4), 447.e1-447.e13. doi: 10.1016/j.ajog.2017.05.066.  
 Faisal-Curry, A., & Menzes, P. (2007). Prevalence of anxiety and depression during pregnancy in 
a private setting sample. Archive of Women Mental Health, 10, 25–32. 
Fu, M., Zhang, L., Ahmed, A., Plaut, K., Haas, D. M., Szucs, K., & Casey, T. M. (2015). Does 
circadian disruption play a role in the metabolic-hormonal link to delayed lactogenesis II? 
Frontiers in Nutrition, 2. doi:10.3389/fnut.2015.00004 
Gaillard, R. (2015). Maternal obesity during pregnancy and cardiovascular development and 
disease in the offspring. European Journal Epidemiology, 30(11), 1141-1152. 
doi:  10.1007/s10654-015-0085-7. 
Hale, L. & Guan, S. (2015).  Screen time and sleep among school-aged children and adolescents: 
A systematic literature review. Sleep Medicine Reviews, 21, 50-58. 
https://doi.org/10.1016/j.smrv.2014.07.007  
Hammer, P., Flachs, E., Specht, I., Pinborg, A., Petersen, S., Larsen, A., & ... Bonde, J. P. 
(2018). Night work and hypertensive disorders of pregnancy: a national register-based 
cohort study. Scandinavian Journal of Work, Environment & Health, 44(4), 403-413. 
Herring, S. J., Nelson, D. B., Pien, G. W., Homko, C., Goetzl, L. M., Davey,  A., &  Foster, G. 
D., (2014). Objectively measured sleep duration and hyperglycemia in pregnancy. Sleep 
Medicine, 15(1):51-5. doi: 10.1016/j.sleep.2013.07.018. Epub 2013 Oct 12. 
Sleep Quality and Mood During Pregnancy 20 
 
Izci Balserak, B., Jackson, N., Ratcliffe, S. A., Pack, A. I., & Pien, G. W. (2013). Sleep-
disordered breathing and daytime napping are associated with maternal hyperglycemia. 
Sleep and Breathing, 1-10. doi:10.1007/s11325-013-0809-4. 
National Institute of Health (2000). Clinical guidelines on the identification, evaluation, and 
treatment of overweight and obesity in adults. NIH Publication NO. 98-4083. Retrieved at 
https://www.nhlbi.nih.gov/files/docs/guidelines/prctgd_c.pdf  
National Institute of Health & National Heart, Lung and Bool Institute (2011). Your Guide to 
Healthy Sleep. Retrieved online March 5th 2018 at 
https://www.nhlbi.nih.gov/files/docs/public/sleep/healthy_sleep.pdf  
Naud, K., Ouellet, A., Brown, C., Pasquier, J. C., & Moutquin, J. M. (2010). Is sleep disturbed in 
pregnancy? Journal Obstetrics and Gynecology Can, 32(1), 28-34. doi: 10.1016/S1701-
2163(16)34400-0. 
Okun, M. L., Mancuso, R. A., Hobel, C. J., Schetter, C. D., & Coussons-Read M (2018). Poor 
sleep quality increases symptoms of depression and anxiety in postpartum women. Journal 
of Behavioral Medicine, doi: 10.1007/s10865-018-9950-7. [Epub ahead of print] 
Qiu, C., Enquobahrie, D., Frederick, I., Abetew, D., & Williams, M. (2010). Glucose intolerance 
and gestational diabetes risk in relation to sleep duration and snoring during pregnancy: a 
pilot study. BMC Women's Health, 10(1), 17. doi: 10.1186/1472-6874-10-17. 
Raio, L., Bolla, D., & Baumann, M. (2015). Hypertension in pregnancy. Current Opinion in 
Cardiology, 30(4), 411-415. doi:10.1097/hco.0000000000000190. 
Sleep Quality and Mood During Pregnancy 21 
 
Rawal, S., Hinkle, S. N., Zhu, Y., Albert, P. S. &, Zhang, C. (2017). A longitudinal study 
of sleep duration in pregnancy and subsequent risk of gestational diabetes: findings from a 
prospective, multiracial cohort. American journal of obstetrics and gynecology, 216(4), 
399.e1-399.e8. doi: 10.1016/j.ajog.2016.11.1051. 
Reichner, C. A. (2015). Insomnia and sleep deficiency in pregnancy. Obstetric Medicine, 8(4), 
168–17. DOI: 10.1177/1753495X15600572. 
Roenneberg, T., Allebrandt, K. V., Merrow, M., & Vetter, C. (2012). Social jetlag and obesity. 
Current Biology, 22(10), 939-943. doi:10.1016/j.cub.2012.03.038 
Schoenborn, C. A., Adams, P. F., & Peregoy, J. A. (2013). Health behaviors of adults: United 
States, 2008–2010. National Center for Health Statistics. Vital Health Stat 10(257). 
Sedov, I. D., Cameron, E. E., Madigan, Sh., & Tomfohr-Madsen, L. M. (2018). Sleep quality 
during pregnancy: A meta-analysis. Sleep Medicine Reviews, 38, 168–176. 
http://dx.doi.org/10.1016/j.smrv.2017.06.005  
 Signal, T. L., Gander, P. H., Sangalli, M. R., Travier, N., Firestone, R. T., & Tuohy, J. F. (2007). 
Sleep duration and quality in healthy nulliparous and multiparous women across pregnancy 
and post-partum. Australian and New Zealand Journal of Obstetrics and Gynaecology, 
47(1), 16-22. doi:10.1111/j.1479-828X.2006.00672.x 
Sivertsen, B, Hysing, M., Dørheim, S. K., & Eberhard-Gran, M., (2015). Trajectories of 
maternal sleep problems before and after childbirth: a longitudinal population-based study. 
BMC Pregnancy Childbirth, 2(15), 129. doi: 10.1186/s12884-015-0577-1. 
Sleep Quality and Mood During Pregnancy 22 
 
Sharma, S. K., Nehra, A., Sinha, S., Soneja, M., Sunesh, K., Sreenivas, V., & Vedita, D. (2016). 
Sleep disorders in pregnancy and their association with pregnancy outcomes: a prospective 
observational study. Sleep and Breathing 20(1), 87-93. doi: 10.1007/s11325-015-1188-9.  
Skouteris, H., Wertheim, E. H., Germano, C., Paxton, S. J., & Milgrom, J. (2009). Assessing 
Sleep during Pregnancy: A Study A cross Two Time Points Examining the Pittsburgh Sleep 
Quality Index and Associations with Depressive Symptoms. Women's Health Issues, 19(1), 
45-51. doi:http://dx.doi.org/10.1016/j.whi.2008.10.004 
Stocker, L. J., Macklon, N. S., Cheong, Y. C.,  & Bewley, S. J. (2014). Influence of Shift Work 
on Early Reproductive Outcomes: A Systematic Review and Meta-analysis. Obstetrics & 
Gynecology, 124(1), 99–110. DOI: 10.1097/AOG.0000000000000321 
Tomfohr, L. M., Buliga, E., Letourneau, N. L., Campbell, T. S., & Giesbrecht, G. F. (2015). 
Trajectories of Sleep Quality and Associations with Mood during the Perinatal Period. 
Sleep, 38(8):1237-45. doi: 10.5665/sleep.4900. 
van Melick, M. J., van Beukering, M. D., Mol, B. W., Frings-Dresen, M. H., & Hulshof, C. T. J. 
(2014). Shift work, long working hours and preterm birth: a systematic review and meta-
analysis. International Archives of Occupational and Environmental Health, 87(8), 835–
849. https://doi.org/10.1007/s00420-014-0934-9  
Voinescu, B. I. (2018). Common Sleep, Psychiatric, and Somatic Problems According to Work 
Schedule: an Internet Survey in an Eastern European Country. International Journal of 
Behavioral Medicine, 25(4), 456-464. doi:10.1007/s12529-018-9719-y 
Sleep Quality and Mood During Pregnancy 23 
 
Wang, H., Leng, J., Li, W., Wang, L., Zhang, C., …… Yang, X.,  (2017). Sleep duration and 
quality, and risk of gestational diabetes mellitus in pregnant Chinese women. Diabetes 
Medicine, 34(1), 44-50. doi: 10.1111/dme.13155.  
Waters, C. S., Hay, D. F., Simmonds, J. R., van Goozen, S. H. (2014). Antenatal depression and 
children’s developmental outcomes: potential mechanisms and treatment options. European 
Child & Adolescent Psychiatry, 23(10), 957-971. doi: 10.1007/s00787-014-0582-3. Epub 
2014 Jul 19. 
Watson, N. F., Badr, M. S., Belenky, G., Bliwise, D. L., Buxton, O. M., Buysse, ….Tasali, E. 
(2015). Recommended amount of sleep for a healthy adult: a joint consensus statement of 
the American Academy of Sleep Medicine and Sleep Research Society. Sleep, 38(6):843–
844. 
Williams, M. A., Miller, R. S., Qiu, C., Cripe, S. M., Gelaye, B., & Enquobahrie, D. (2010). 
Associations of early pregnancy sleep duration with trimester-specific blood pressures and 
hypertensive disorders in pregnancy. Sleep, 33(10), 1363-1371.  
Wong, P. M., Hasler, B. P., Kamarck, T. W., Muldoon, M. F., & Manuck, S. B. (2015). Social 
Jetlag, Chronotype, and Cardiometabolic Risk. Journal of Clinical Endocrinology and 
Metabolism, 100(12), 4612-4620. doi:10.1210/jc.2015-2923 
Yang, Y., Mao, J., Ye, Z., Zeng, X., Zhao, H., Liu, Y., & Li, J. (2018). Determinants of sleep 
quality among pregnant women in China: a cross-sectional survey. Journal of Maternal 
Fetal Neonatal Medicine, 31(22), 2980-2985. doi: 10.1080/14767058.2017.1359831. 
Yu, Y., Li, M., Pu, L., Wang, S., Wu, J., Ruan, L., Jiang, S., Wang, Z., & Jiang, W. (2017). 
Sleep was associated with depression and anxiety status during pregnancy: a prospective 
Sleep Quality and Mood During Pregnancy 24 
 
longitudinal study. Archives Women’s Mental Health, 20(5), 695-701. doi: 10.1007/s00737-
017-0754-5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sleep Quality and Mood During Pregnancy 25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sleep Quality and Mood During Pregnancy 26 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sleep Quality and Mood During Pregnancy 27 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sleep Quality and Mood During Pregnancy 28 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sleep Quality and Mood During Pregnancy 29 
 
 
 
 
 
 
 
 
 
 
 
 
Sleep Quality and Mood During Pregnancy 30 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sleep Quality and Mood During Pregnancy 31 
 
 
